This paper is related to automatic indexing and reformulation of ancient dictionaries. The objective is to make easy the access to ancient printed documents from XVI to XIX century for a diversified public (historians, scientists, librarians, etc.). Since the facsimile mode is insufficient, the aim is to look further for the use of the indexing based on the formal structure representative of some contents in order to optimize their exploration. Starting from a first indexing experiment operated on more recent documents, the TLF ("Trésor de la Langue Française": Treasure of the French Language) in the ATILF laboratory (Nancy, France), we extended the indexing technique to automatic reformulation and reedition of ancient dictionaries. However, face to the problem extent, we limited our investigations to a very specific collections of the ATILF laboratory, the "Trévoux" dictionary (defined later).
Introduction

Ancient dictionary valorization
The valorization aim of ancient documents and more specially of ancient dictionaries can be summarized in the following items, already outlined in [1, 2, 3 ]: 1. Make available texts that are often presented in complex typography forms, with different levels of difficulty depending on the centuries. In XVII and the beginning of XVIII century, there are problems of page-setting (columns, marginal texts), characters difficult to read (distinction between F and long S, long or double long S (see Figure 3 , 4, 5), "esperluètes" (&), bindings, sign classifiers, the hand with stretched index ( ) which indicates a new entry in "Trévoux" dictionary and others). In the second half of the XVIII century and XIX century, some other specific difficulties appeared such as character size, reference sign increase, domain name and author of example name abbreviations, multicolumn (often 4 as in the "Grand Dictionnaire Universel" (GDU)), etc. On all the two centuries, and beyond, there is the problem of character restitution in non-Roman character sets. 2. Allow the auto-correction of the digitization errors by drawing up the typology of the errors noted on a representative sample, and to use them for the automatic correction of new occurred errors without any modification of the original text (except the characteristics of the typography: reference letter (see Figure 6 ), ancient characters, etc.). 3. Allow the fast comparison, by alignment, of texts considered "a priori" identical, but comprising differences not easily localizable with the naked eye. It is the case of many dictionary editions and republications of the XIX century, whose texts of escorts (forewords, introductions, lecturer point of view, etc.) and nomenclatures vary. 4. Finally, to define useful and effective indexing modes (definition problem of linguistic key words, lexical, and meta-linguistics, definers, etc.).
The Trévoux Dictionary
Presentation of the collection
The Trévoux dictionary is also called "Dictionnaire Universel François & Latin" (1704-1771). This collection, rare by its coherence, is of a great worth [2, 3] : it reassembles 36 volumes in folio and one volume in quarto corresponding to six editions, with complete and uniform series as well as specimens duplicated. The whole constitutes, at the same time by its width and its singularity, a real treasure within the ancient and regional funds preserved at Trévoux (City hall of Trévoux, Saône, France). Figure 1 shows an example of the Trévoux dictionary digitized at 300 dpi in B&W. 2 The system overview Figure 2 shows the reformulation system configuration. It is composed of four main steps related to: 1) document capture, OCR and document analysis, 2) document indexing and meta-data extraction, 3) document reformulation and user adaptation, 4) document reformatting for electronic reedition on specific electronic supports. All these phases will be detailed in the following. 
OCR and DAR
Digitization
Several problems can be encountered during the digitization of ancient dictionaries:
1. Background: the direct binarization of the image may introduce some errors. This is due to a degraded background, yellowed by age, which creates some dark blobs. Some of them with a big size are difficult to erase when they are connected to characters.
2. Noise: it corresponds to micro blobs introduced by ink during the printing process. There are close by size and position to some characters and can be confused with punctuation.
3. Character cutting: thin characters, which are very numerous in this kind of document, tend to be broken at the 300 dpi resolution.
4. Ligatures and kerning: some specific characters like S, f, t with long and curved shape tend to be connected or to overlap the next character in the word.
5. Unknown characters: the ancient typography presents some specimens which are not known by the OCRs. For example, the letter C represented like a big epsilon (see Figure 7 ). 
OCR Recognition
The indexing and reformulation procedures need text recognition. For this reason we have looked for an OCR solution adapted to this kind of documents. The presence of specific shapes leads us to consider them as new character classes and present them to OCRs for training. We can see in Figures 3,4,5 and 7 the different shapes.
Furthermore, we noticed that the document typography is very complex and OCRs are often not efficient individually taken. So, we proposed an adapted approach based on OCRs combination [6] . The method consists in the development of an OCRAdapter, and an integration procedure of commercial OCRs as plug-ins. A ground truth is first established from a representative extract of the document class. Then, the first step is dedicated to the individual evaluation of each OCR. A specific alignment algorithm performs the evaluation. We have used the Myers's algorithm, based on an optimal dynamic programming matching [7, 8, 9] .
This evaluation step allowed us to characterize for each OCR its performances and more precisely its drawbacks: bad recognized characters, recognition context considered, etc.
This knowledge on each OCR is taken into account in a second phase during the combination. The combination's philosophy is to consider only the two best OCRs and keep the better according to each kind type of error. As for evaluation, the two OCRs output files are linearized and aligned. The alignment technique is described in [9] . The principle is to choose a reference chain (also called chain of consensus) from which we will initialize the alignment. Then, this alignment is rectified continuously by comparison between the other chains and this reference chain.
The experiments realized on the Trévoux dictionary are still in progress, but similar works, operated on more recent documents, show that, for a basic combination, a score of 20/10000 errors is obtained. Furthermore, considering some specific heuristics, we can easily reach 1/10000 error. We hope that, from the first results ob-tained on ancient dictionaries, we will obtain identical results. The heuristics employed are issued from the observation of the confusions provided by the OCRs in competition and attempt to correct them. For example, each time that OCR1 is giving "I" (always confused by "1"), we replace this answer by that one given by OCR2 more efficient on the recognition of digits.
4 Dictionary indexing
Dictionary indexing problems
The ancient dictionaries were neither written nor composed as the current dictionaries [4, 5] . They don't follow the same systematic structure principles for the entry definitions. 
Data indexing difficulties
The systematic absence of the speech structure in these dictionaries causes two major difficulties for the automatic processing [6] : 1. On one hand, the geographic repartition informational fields is irregular, often random, unequally differentiated by formal criteria such as the typography (for example, semiotics of the italic or capitals) or the punctuation (for example, semiotics of the point not followed by a capital letter in an enumeration) and the position in the article layout (information structure according to the subparagraphs); 2. On the other hand, the polysemous statute of certain statements presents a functional ambiguity of the fields. In fact, we can wonder to which informational fields belong the synonymic definitions or the synonyms capable to be interpreted like definitional. Similarly for the definitional etymologies or the etymology definitions, can we know if they concern the definition field or the etymology field?
This structural blur led us to create the concept of keywords and meta-linguistic sequence-keys to facilitate the information access without using a finest labeling. These tools showed their effectiveness in exploration procedures of lexicographical textual bases once implemented in a rigorous way, not by applying arbitrary labels to the text, but by extracting objective information (combinatory of typographical criteria, positional and lexical or phraseological).
In spite of the two difficulties previously stated, it is not utopian to envisage some automatic processing modalities even for a part of the information. This can help to derivate the principle of an automatic content reformulation.
In fact, a first set of investigations carried out on our corpus shows that it is possible to identify within the definitions some specific structures. These structures that correspond to specific information in the microstructure, are easily detectable thanks to the typography and positional indices of some elements.
As it is pointed out previously, this kind of formal identification is however limited to the physical aspect of the information. In fact, it is very difficult to identify the logical structures because this needs interpretation.
Nevertheless, in spite of this reserve, we consider that it will be possible to proceed to an automatic reformulation approach, based only on physical criteria. We are however conscious that in this case, a user can exploit only a part of the articles, such as the synonyms, the examples, the named sources or the grammatical terminologies.
Indexing methodology
The goal of the reformulation is thus to be able to extract, from a textual set, definite parts of the content, i.e. fields or information in "coded" position, and to reorganize them in different manner than in the original text [10, 11] . This is why, considering the work realized these last years concerning the electronic publishing methodology of ancient dictionaries and the possible procedures of exploration and exploitation of their content, we consider that it is important to take into account the following elements:
1. The explicit structure of the lexicographic speech. 2. The main informational fields: typological proposition.
A) The explicit structure of the lexicographic speech
In a first time, we discard all the informational fields functional ambiguity cases whose the logic design is implicit or registered in an editorial process implying an interpretation accompanied with demonstrations. This excludes any prospect of automatic treatment based on formal criteria specific to the considered texts except if we admit a lexicographical bases preliminary treatment by a fine labeling based on specialists metalexicographic competences of these texts.
From a strict formal point of view, three series of combined criteria must be taken into account to determine the first principles of fields location. This is a necessary precondition to any automatic extraction of their contents:
1. Typographical criteria: character size (large / small right Roman, large / small capitals, etc.), character status (upper case / lower case), font style (italic / straight Roman, etc). 2. Positional criteria of the subparagraphs within the same article and of the information present within the same subparagraph: -In the article area: identification and delimitation of the subparagraphs. Each subparagraph must be numbered and profit from a mark of subparagraph beginning / end, for each subparagraph withdrawal / absence of withdrawal.
-In the area of a subparagraph: all the punctuation marks must be codified (specially the points not followed by a capital letter, commas followed by italic and certain semicolons). The typography (in particular upper case / lower case, straight / Italic), when having a diacritic function, must be codified because it allows to determine the beginning and the end of an informational field or particular sequence identifiable within a field. 3. Lexical or phraseological criteria: we find here the logic of keywords and metalinguistic sequence-keys which allow to isolate the grammatical category marks (often shortened in coded position), the field marks (sometimes with alternatives), the synonyms with definitional function (especially locatable from a positional point of view), the formulas specific to the definitional or etymological speech, etc.
B) The main informational fields: typological propo- We will thus remember that:
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However, according to the apprehended corpus, the formal criteria will be able to vary. This implies to determin facts of random distribution and different variant typologi F fields that can be automatically recognized are:
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Difficult fields
In the case of the difficult fields that are very delicate to mark out in an auto e var ous texts for some categor concerned the following fields:
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The elaborated definitions: the metalinguistic keyword of reference « signifie » sometimes knows complex alternatives (« on que… ") or is not always expressed, or is taken again during the same article in the case of multiple references words treatment. The translations in foreign languages are often in italic, but as the italic is polysemous in many ancient dictionaries, it is necessary to associate another criterion. Indeed, the labeling of the translation languages is very random. Therefore, except considering works announcing a translation of principle (like the "Dictionnaire Universel François & Latin de Trévoux" = DUFLT), only the linguistic ability of the dictionaries readerconsultant authorizes an identification of the translation languages. Knowing that there is often 13.
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absolute ambiguity of the forms belonging to the whole of the Romance languages, and that in any event even in a dictionary like the DUFLT, it is difficult automatically to select the shapes in italics corresponding to Latin translations. The etymologies are not easily automatically isolable not only because of the variety and complexity of the metalinguistic key-sequences « a pour origine, est formé de, est composé de, est fait de, est emprunté de, vient de, etc… ", but also especially because of polysemous operations of the formulations... to what we can add the randomly presence of an etymological speech, the relative blur statute sem without counting the alternatives of positions and the delimitation difficulties of the fields of a speech relating at the same time to the etymology, the history of the directions, and the socio-cultural evolutions of notions… Marked bibliographical references (names of cited authors and headings of the concerned texts). Without a precise knowledge of the authors, we can trust neither the typography semiotics (proper names authors are always in neither with the position at the end of the quoted text, provided that this last either identifiable like such by italics, nor with the association of a proper name and a more or less identifiable reference because of the abbreviations, etc. Texts cited with or without reference: identification difficulty of the precise limits of a citation, even when the au locatable by a reader accustomed to certain texts. 
Automatic Indexing
Entry Recognition
Information field identification
Concerning the identification and the tagging of the informational fields, an optimal solution could consist in implementing a procedure similar to that performed for the computerization of the TLFi (Treasure of the French Language computerized: www.atilf.fr/tlfi) [18] which is composed into various semi-automatic steps [14] . The first step is dedicated to the typography style labeling. Figure 9 shows the result of this labeling procedure on the example of the Figure 8 . The text is cut according to the punctuation. Each text chain is surrounded by a specific XML tag corresponding to the font style, for example <I> … </I> for italic. The second step is dedicated to the semantic labeling Figure 10 . By using some dictionaries and by the help of the operator, some semantic tags re assigned to the same text chains previously labeled. Among the semantic labels used, we can find: article 
The reedition chain
Once the indexation phase is finished, the following phase concerns the reformulation and the reformatting taking into account the user wishes, the electronic support limits (physical and software characteristic) and the usage rules.
Reformulation
Here we are interested in the document logical structure, which we wish to modify in order to satisfy a personal use (expressed by a scenario). This modification concerns at the same time the document organization (layout) and its content. For example, the user can ask for a synthetic view of the document, to see only some definitions, by changing the original order, etc. In the case of the dictionaries, the user can select only the synonymous, the grammatical forms, etc.
The scenario is a collection of queries. Considering the document as a structure hierarchy of elements (XML, see Figure 13 ), the queries express two types of operations: tree element selection and tree element reorganization. There are two kind of selection: direct and indirect. The direct selection permits to indicate an element starting from its absolute position in the logical structure (for example, the sub-definition of the 2 nd dictionary entry). The indirect selection (or conditional) gives access to all the elements satisfying certain conditions. Those relate either to the content or its meaning (for example, to reach all the definitions speaking about the concept of "navy"), or function of the elements relative position to be selected in the document logic structure (to reach all the definitions of an entry). We defined an element designation language, which is detailed in Table 2 and illustrated by examples in Table 3 . The purpose of the reorganization operators is to authorize the original document reading order modification. For example, the user can wish to read synonymous before definition, or to replace all the illustrations at the end of a definition. We can see some example of such operators in Table 4. arrange_change_order(common parent, tag element1, tag element2) to change the position of two elements (regarding the corresponding tree root, or regarding a specific node) To carry out these reformulation actions, we choose to use XSL 1 [6] . It is a style sheets expression language, defining a transformation language for XML documents (XSLT 2 ) [16, 17, 18] . The user wishes are retransmitted in a series of transformations (XSLT) and enunciated using the selection and reorganization operators, and XPath, a language of object designation adapted to the tree structure of XML. This language allows expressing conditions on the node, its position in the tree and on the presence (or the value) of an attribute. For example, "definition [not (contains (@domain, 'navy'))]" selects the nodes "definition" of the node root having an attribute "domain" which doesn't comprise the chain "navy".
The call of these operators generates an XSL that is applied to the document. Table 5 provides an example of the XSL file generated by a selection request carried out by the user. There are three constraints for the document displaying on an electronic support: user wishes, support capacities and usage rules. The choice of a support produces physical constraints (size of the screen, navigation tools available, etc.) and displayable formats (HTML, pdf, Bitmap, etc.). The usage rules are provided by experts: ergonomists and pedagogues concerning the facility of training and text reading. It is necessary to test the coherence between the constraints emanating from these various sources and, if necessary, to solve the conflicts.
Accordingly, we introduced a priority associated with each constraint. We classified these constraints in three categories:
1) The intra-blocks constraints concerning the specific posting of a definition block (font style, size, alignment, line space, hyphenation management, widows management and orphans, dimensions, typographic grey, border...) 2) The inter-blocks constraints relating to the sequence of the blocks during their posting (with left/right of, page break before/after, to keep on the same page that next/previous) 3) The constraints of page setting on the final support (margins, share-cropping, navigation, distinction peer/odd pages...). Initially, only the constraints with intra and inter blocks were studied. figure, legend, 4, 9] ). We allowed the user (or more exactly an expert of the edition field) to express the couples of different constraints in conflict. We start by locating "the wrong" conflicts: it is the case of two rules of which one is more restrictive than the other. 5, 3] . One preserves the most restrictive rule (in the example: ≥ 20) but with the highest priority (here: 5 and either 4). "True" conflicts will be solved according to the priorities attached to each constraint.
To express the formatting constraints, we use the formatting objects (FO). They are XML tags defining the visual aspect of a document. They constitute a description language and allow to describe all the problems relating to the typography, as well as the hyphenation constraints, the widows and the orphans, all the inter-block constraints, etc. For each document element we associate its page-setting. For example, we can define a formatting object for the element TITLE in order to display his content in underlined or italic. The use of the FO allows being independent from the layout format.
The expert system was performed in Prolog. First of all, it ensures the detection and resolution stages of the conflicts then it generates the FO. The fact basis counts all the constraints and the rule base translated the practices and the expert knowledge. The obtained document XML + FO can either be visualized directly in a navigator XSL FO, or transformed into a document of another nature by a processor XSL FO. The project Apache [7] delivered the processor FOP 3 to realize the rendered of a an XML document with "Formatting Objects" in various formats: PDF, PCL 4 , PS 5 , SVG 6 , XML, direct impression, AWT (presents the result as a Java graphic in a window), MIF 7 and TXT.
The electronic support occurs in the composition stage giving the output format. The high number of existing output formats allow the same document to be portable on multiple supports, and justifies the use of the XSL FO language.
Conclusion
This work explored a generic way of ancient documents automatic valorization. The valorization is based on an adaptive indexing that highlights the main physical and logical structure components. Then, a reedition chain is proposed based on structure reformulation and reformatting. All these phases obey to three kinds of constraints coming from the user, the usage and the electronic support for which the system has to resolve the conflicts. The reformatting phase leads to a structure section and reorganization while the reformatting leads to the creation of formatting objects. Considering the document in an XML format, all the chain is seen as an XSL transform. All the constraints are transformed in XSL orders.
The application of this chain on ancient dictionaries allowed us to express the main indexes useful for dictionary reformulation and the main queries that we can ask for dictionary consulting. The work done in this first step was limited to some simple pages of the dictionary. We plan to enlarge the procedure to all the dictionary and to automate the index searching procedure. This step consti-3 FOP: Formatting Objects Processor 4 Format for Hewlett-Packard Printers 5 PostScript 6 Scalable Vector Graphics 7 Maker Interchange Format, used for Adobe Framemaker tutes the main challenge of the work because this needs to extract ontology and to be able to interpret some definitional fields to extract the synonymous and the references.
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